
AWS/TN-87/002
REVISED

AID-A Yg~ p/,

ISENTROPIC ANALYSIS AND INTERPRETATION:

OPERATIONAL APPLICATIONS TO SYNOPTIC

AND MESOSCALE FORECAST PROBLEMS

• DTIC
ELECTE

MAY 2 2 1989 By

" Dr. James T. Moore
D. -° ,iSaint Louis University
eparte~t of Earth and Atmospheric Sciences

1'.0 Box 8099-Laclede Station
St. Louis, Missouri 63156

AUGUST 1987

REVISED MAY 1989

APPRovED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED.

AIR WEATHER SERVICE (MAC)
Scott Air Force Base, Illinois, 62225-5008

89 to



REVIEM AAV APPROVAL STATE ME

AWS/TN-87/OO2, Isentropic Analysis and Interpretation: Operational Applications to Synoptic and
Mesoscale Forecast Problems, August 1987, is approved for public release. There is no objection to
unlimited distribution of this document to the public at large, or by the Defense Technical
Intorndtion Center (DTIC) to the National Technical Information Service (NTIS).

This document has been reviewed and is approved for publication.

/,~

GEORGE ANIGUICHI, G-13
Forecag'ting Services Division
Directorate of Aerospace Services,
DCS/Aerospace Sciences
Reviewing Official

FOR THE COMMANDER

DOUGLAS 'A. ABBOTT, Clonel, USAF
Asst DCS/Aerospace Sciences

S

S

I



'UNCLASSIFIED
REPORT DCUMENTATION PAGE

la. Report Security Classification: UNCLASSIFIED

3. Oistribution/Availability of Report: Approved for public release; distribution is unlimited.

4. Performino Oroanization ReDort Number: AWS/TN-87/002

6a. Name of Performing_Organization: HQ AWS

6b. Office Symbol: DNTS

6c. Address: Scott AFB, IL 62208-5008

11. Title: Isentropic Analysis and Interpretation: Operational Applications to Synoptic and
esoscaTorecast Problems

12. Personal Author: Dr James T. Moore, Saint Louis University, Department of Earth and Atmospheric
Sciences, P.O. Box 8099-LaClede Station, St Louis, MO 63156

13a. Type of Report: Technical note

14. Date of Report: August 1987

15. .ae Count: 93

17. COSATI Codes: Field--04, Group--02

18. Subject Terms: METEOROLOGY, WEATHER FORECASTING, AVIATION FORECASTING, WEATHER ANALYSIS,
ISENTROP1C ANALYSIS, ISENTROPIC COORDINATE SYSTEM, CONSTANT PRESSURE ANALYSIS, TRAJECTORY ANALYSIS,
TROPOPAUSE FOLDING PROCESS, psi charts, sigma charts, thermal wind, static stability, vorticity,
condensation pressure, condensation ratio, condensation difference, streamlines, trajectories,
freezing 1e e icing, clear air turbulence, overrunning convection.

19. Abstract. A basic review of the isentropic coordinate system, including its advantages and
disadvantages for operational use. The primitive equations in isentropic coordinate form are
discussed with emphasis on their physical meaning and interpretation. Isentropic analysis techniques
for 'horizontalV-end cross sectional perspectives are described as aids for diagnostic analysis of
synoptic scale weather systems. Numerous diagnostic variables are discussed; all can be excellent
tools in identifying synoptic scale features helpful in forecasting cyclogenesis and regions
susceptible to strong convection. The final section presents specialized applications of isentropic
techniques to weather analysis and forecasting, including: trajectory analysis, tropopause folding
process, short-term forecasting of severe weather threat areas, and aviation forecasting.

20. Distribution/Availability of Abstract: Same as report

21. Abstract Security Classification: UNCLASSIFIED Accesion For ]

22a. Name of Responsible Individual: George Taniguchi NTIS CFH. d'

DTIC TA' El
22b. Telephone: 618 256-4741 (A576-4741) Unaicr, ',:i 0

22c. Office Symbol: AWS/DNTS Jutic

By
" DtstrmLuti.onp

Avai';b!,tq Co'des

D Avil L1i or

PD1st

D FORM 14173 UNCLASSIFIEr
ii



PREFACE

lefore the changeover to pressure coordinates in the early 1940's, isentropic
analysis was utilized extensively for diagnosing and forecasting weather systems.
Since that time the advantages of the isentropic coordinate system and isentropic
analysis techniques have been neglected in the curricula of both universities and
training centers. The 1960's and 1970's saw a resurgence of isentropic analysis in
the research community as it was well-suited to the needs of those studying
atmospheric flow on both the synoptic and mesoscales of motion. This mono-
;:aph has been wriLen with the goai of presenting the isentropic viewpoint and
methods of diagnosis in one volume that can be easily accessible to the practicing
operational meteorologist. It is the author's hope that this information will help
increase the use of isentropic analysis techniques in the field as a supplement to
standard constant pressure analyses as forecasters attempt to diagnose and predict
the three dimensional flow associated with precipitation systems.

I would like to acknowledge that motivation for this paper came from Dr.
Lawrence Wilson of the Atmospheric Environment Service in Canada who wrote a
similar shorter papec for Canadian meteorologists. Several examples discussed in
this text are borrowed from his training paper. Also, Anderson (1984) wrote a
paper for the National Weather Service (NWS) Western Region describing isentro-
pic analysis which is frequently referenced.

The author would like to thank St. Louis University for offering a sabbatic
leave during which time he was able to work on this manuscript. The people at
the NSSFC were also very supportive and offered ideas on strengthening the text.
Dr. Joe Schaefer of SSD in CRI gave helpful suggestions which were appreciated.
Friends at the NWSTC including Daryl Covey, Pete Chaston, and Dan Berkowitz
who will be implementing this material into the NWS training program are all
appreciated for their support and enthusiasm for this project. Also, Dr. Dale
Nleyer, Nb'. George Taniguchi, Mr. George Horn and Mr. Michael Squires of the
Air WXeather Service are to be thanked for their proofreading of the text. Last,
but not least, the expert typing of Ms. Juanita Ryles and the assistance of Mr.
Richard Nlolinaro are deeply appreciated.
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1. INTRODUCTION
The motivation behind this paper is simple--I wanted to lay down the basic

concepts of isentropic analysis and interpretation for those people in the "front
lines" of meteorology, the practicing forecasters. Since the demise of the isentropic
coordinate system in the 1040's, few academic institutions or training centers have
taught isentropic meteorology as part of their synoptic or weather analysis and
forecasting laboratory courses. More recently, that situation has been changing.
However, there are several generations oif meteorologists who have never been
shown the advantages of isentropic analyses in diagnosing the current weather.
Therefore, they are naturally reluctant to incorporate these charts into their daily
forecasting scheme. The success of systems such as AFOS (Automation of Field
Operations and Services) and McIDAS (Man-Computer Interactive Display
Acquisition System) show that new and varied computer products can be incor-
porated into the operational environment. However, if these products are to be
efficiently and intelligently utilized, the end users (i.e., the forecasters) must be
knowledgeable about the advantages and disadvantages of each new tool. As
Doswell (1986) notes, we need to consider training at least as much as technology.
The technology makes it very easy for us to create isentropic data sets and ana-
lyses. The training makes this not-so-new method of diagnosing atmospheric flow
easy to use, understandable and useful.

Toward that end I will try to illustrate the advantages and disadvantages of
isentropic analysis in the diagnosis of weather patterns as a supplement to stan-
dard constant pressure analyses. I will draw heavily on the work of other
researchers (e.g., Danielsen, Reiter, Uccellini, Petersen, Namias, Rossby, Wilson,
Anderson) who have proven isentropic analyses effectiveness in diagnostic work
through numerous case studies. References will be given so that the adventure-
some reader can delve into some of the topics we discuss in greater detail. For
that reason this paper does not attempt to be an exhaustive guide for isentropic
meteorology. Mathematics will be used but minimized for fear of boring or disen-
franehising the reader. Emphasis instead will be placed upon conceptualization of
ideas rather than heady dynamics. This is especially important in isentropic
analysis since isentropic surfaces are truly three-dimensional, unlike the quasi
two-dimensional pressure surfaces. Our experience at St. Louis University in the
synoptic laboratory is that it takes several weeks for students to get over their
two-dimensional, constant pressure biases to visualize three-dimensional isentropic
flow. It is much like the transition for A. Square, the key character in Flatland by
Edwin A. Abbott (1052), in going from Flatland to the three-dimensional world of
Sphereland (Burger, 1065). This author encourages the reader to read both Flat-
land and Sphereland as they are useful exercises in visualization; references are
given at the end of this paper.

Finally, I want to acknowledge that motivation for this paper came from Dr.
Laurence Wilson of the Atmospheric Environment Service in Canada who wrote a
similar shorter paper for Canadian meteorologists. Several examples discussed in
this text are borrowed from his training paper. Also Anderson (1984) wrote a
paper describing isentropic analysis for the National Weather Service's (NWS)
Western Region which is frequently referenced.
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2. ISENTROPIC COORDINATE SYSTEM

A. Definition

One must first begin with the concept of an adiajatic process as applied to a
fictitious parcel of air with a volume of roughly 1 m . During an adiabatic pro-
cess an air parcel will experience no heat exchange with its environment; i.e., no
heat is added or taken away from the parcel. In terms of the first law of thermo-
dynamics we write,

dh = 0 = CdT - adP (1)

Since a = RT/P we can write (1) as:

dT R dPT cV- (2)
T Cp P

Following Hess (1959), if we integrate from some temperature, T, and pressure, P,
to a temperature, 0, at 1000 mb, we obtain:

_1000.
o = T( - -) (3)

where t =- R/C p"
The temperature, 0, is physically defined as the temperature that a parcel of

air would have if it were compressed (or expanded) adiabatically from its original
pressure to 1000 mb. It is known as potential temperature and is a conservative
property for parcels of air with no changes in heat due to such processes as
solar/terrestrial radiation, mixing with environmental air that has a different tem-
perature, and latent heating/evaporative cooling. Although these restrictions
would seem to make the application of this thermodynamic variable limited there
is empirical evidence that such "diabatic" heating and cooling processes are usually
secondary in importance for temporal scales on the order of the synoptic. Some
people (such as the author) would also argue that one could extend this approxi-
miation to meso a scales of motion under certain conditions.

Hess (1959) also shows that the entropy of an air parcel, 0, is related to its
potential temperature as:

O= CplnO + const (4)

So a parcel which moves dry adiabatically not only conserves its potential tem-
perature but also its entropy. A surface composed of parcels whose potential tel.-
peratures are equal is described as an equal entropy or isentropic surface. In

2



thermodynamics we are told that entropy is a measure of the disorder of a sys-
tem. However, operational meteorologists have little use for this concept. Thus,
aside from using the term isentropic, we meteorologists prefer to use potential
temperature as a variable rather than entropy, which carries more of a mystical
aspect!

In the troposphere the atmosphcre is, on the average, stable; i.e., -T/acZ -
-y < 9.5*C/kin, typically -yenv r 6.5 *C/km. In such an atmosphere the
poten'ial temperature can be shown by (5) to increase with height.

I ae (Fd-1') (5)
a az T

In (5) F is the dry adiabatic lapse rate and -y is the actual or environmental lapse
rate. Under stable conditions ' < rd, so aOlaZ > 0 meaning 0 increases with
height. If the lapse rate is neutral then -y = rd and aO/aZ = 0; i.e., 0 is constant
with height. If -y > F the lapse rate is superadiabatic and 0 decreases with
height. Futhermore, as Aossby, et al., (1937) note, the potential temperature also
increases southward at about the same rate as the dry bulb temperature. So the
troposphere may be envisioned as being composed of a great number of isentropic
layers which gradually descend from cold polar regions to warmer subtropical lati-
tudes. As one ascends from the troposphere into the stratosphere, where the
atmosphere is very stable, isentropic surfaces become compacted in the vertical.
This attribute makes them extremely valuable for resolving upper-level stable
frontal zones in the presence of upper tropospheric wind maxima or jet streaks.
Thus, in a stably stratified atmosphere; i.e., -aT/8Z < 9.8 * C/km, potential tem-
perature can be an excellent vertical coordinate--especially since it increases with
height, thereby avoiding the headaches of dealing with a vertical coordinate
(namely pressure) which decreases with height.

Rossby, et al., (1937) and later Blackadar and Dutton (1970) note that it is
necessary to "tag" a parcel with more than its potential temperature since on an
isentropic surface all parcels "look alike". A second natural "tag" would be mixing
ratio or specific humidity, both quantities which are also conserved during dry
adiabatic ascent/descent. Another possible "tag" (which will be discussed later) is
potential vorticity. It should be no surprise, then, that the three-dimensional tran-
sport of moisture on a vertically sloping isentropic surface should display good
spatial and temporal continuity. As will be shown later, this has important diag-
nostic and prognostic implications for the movement of both moist and dry
tongues in low-middle levels of the troposphere.

Meanwhile, one might ask why isentropic analysis was ever abandoned if, as
recognized way back in the 1930's, it showed such great promise? Perhaps even
more importantly, why has it regained favor today?
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B. History of Isentropic Analysis

The rise and fall and subsequent rebirth of isentropic analysis for the study
of synoptic scale systems is quite interesting. The historical perspective discussed
by Bleck (1973) is summarized here. Apparently, as the story goes, in the 1930's
once upper air observations became available there was quite a debate over what
vertical coordinate system would be most useful for weather analysis and forecast-
ing. German meteorologists and several European colleagues favored a constant
pressure coordinate system while the British Commonwealth and the United
States favored using a constant height system. But, several vociferous meteorolo-
gists (e.g., C. G. Rossby and J. Namias) urged the adoption of isentropic coordi-
nates. Consider their arguments:

"It can hardly be doubted that the isentropic charts
represent the true motion of the air more faithfully
by far than synoptic charts for any fixed level in
the free atmosphere. At a fixed level in the middle
of the troposphere entire air masses may, as a result
of slight vertical displacements, appear or disappear
in the time interval between two consecutive charts,
making that entire method of representation futile."
(Rossby, et al, 1937).

'"Vhile maps of atmospheric pressure at various levels
have been found especially helpful in weather forecasting,
the use of temperatures and humidities on such constant
level charts has hardly done more than make atmospheric
disturbances seem more complicated in vertical structure
than surface weather analyses would indicate."
(Namias, 1039).

One researcher (Spilhaus, 1938) even suggested in a short paper for the Bulletin of
the American Meteorological Society that airplanes fly along isentropic surfaces
using a "thetameter" to keep track of the potential temperature for the pilots

According to Bleck (1973) the U. S. Weather Bureau did respond in the late
1930's to these arguments (and other advantages noted in the next section) and
transmitted data needed for isentropic analysis over the weather teletype network.
H owever, after a number of years (by the mid 1940's) this service was discontin-
ued and a constant pressure coordinate was used. Bleck (1973) and Wilson (1985)
note several reasons for this action.

(1) The second world war created an impetus for a standardization to a common
vertical coordinate system and analysis procedures. The demands of the avi-
ation community were for winds on constant pressure surfaces.
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18 (2) In the pre-computer age isentropic charts were dillicult and time-consuming
to prepare within operational time constraints.

(3) Perhaps most significantly, the Montgonery streamfunction, which defines
geostrophic flow on an isentropic surface, was being erroneously computed.
This resulted in a geostrophic wind law on isentropic surfaces which did not
work. Undoubtedly, this led to disenchantment with isentropic analysis and
its eventual demise.

Reiter (1972) discusses the last problem in some detail. Briefly, the
Montgomery streamfunction (which is basically equivalent to heights on a con-
stant pressure surface, in terms of its relationship to the geostrophic wind) is
defided by Montgomery (1937) as:

M - 4 + CpTe (6)

In the early isentropic years M was computed by interpolating the two terms, 41
and C T, separately, using for 4) the conventional pressure-geopotential calcula-
tions (%Peck, 1973). As Danielsen (1959) discovered, the two terms in (6) are
related through the hydrostatic equation in isentropic coordinates. Therefore,
computing these terms independently resulted in unacceptable errors of as much
as 20% in their sum (Wilson, 1985). Bleck (1973) believes that this lack of a
workable geostrophic wind relationship contributed to the disuse of isentropic
analysis--especially in the operational community.

After Danielsen's (1959) discovery of this error in computing the Montgomery
streamfunction, the path was cleared for a resurgence of isentropic analysis--at
first notably in diagnostic work and later in predictive models. Some examples of
research which used isentropic analysis techniques include:

(1) Studies of exchange processes between the stratosphere and troposphere, espe-
cially along "breaks" or "folds" in the tropopause (Danielsen, 1959, 1968;
Reiter, 1972, 1975, Staley, 1060; Reed, 1955; Shapiro, 1980; Uccellini, et al.,
1985; and others).

(2) Studies of air flow associated with extratropical cyclones attempting to
explain the characteristic cloud patterns observed by satellite imagery (Carl-
son, 1980; Carr and Millard, 1985; Danielsen, 1966; Danielsen and Bleck,
1967; Browning, 1986; and others).

(3) The construction of isentropic trajectories used to diagnose Lagrangian verti-
cal motions and ageostrophic flow associated with jet streak activity (Daniel-
sen, 1061; Petersen and Uccellini, 1079; Haagenson and Shapiro, 1970; Kocin,
et al., 1081; Moore and Squires, 1982; Uccellini, et al., 1985; and others). The
relationship of isentropic upslope flow to cloud patterns has been noted by
many Satellite Field Service Stations (SFSS) in their daily messages.
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(I) Utilization of isentropic analysis to obtain better resolution of winds and
moisture in the vicinity of frontal zones above the surface for diagnostic work
or model initialization (Petcrsen, 1086).

(5) Experiments in numerical weather prediction using models with equations
formulated in isentropic coordinates (Eliassen and Raustein, 1968; Bleck,
1973; Ioman and Petersen, 1985; Uccellini and Johnson, 1979; and others).

(6) Studies of frontogenesis in inviscid, adiabatic flow, notably by Hoskins and
Bretherton (1972).

Ve will now explore some of the advantages of this unique isentropic
viewpoint.

C. Advantages of Isentropic Analysis

The advantages of using an isentropic perspective in diagnosing atmospheric
flow have been discussed by Saucier (1955), Bleck (1973), Uccellini (1976), Wilson
(1985), and Moore (1985). These advantages include:

(1) Over synoptic (and to a degree, subsynoptic) spatial and temporal scales, isen-
tropic surfaces act like "material surfaces", (Rossby, et al., (1937). That is, air
parcels are thermodynamically "bound" to their isentropic surface in the absence
of diabatic processes such as terrestrial/solar radiation, latent heating/evaporative
cooling, and sensible heat exchanges in the planetary boundary layer. The only
other thermodynamic surfaces that act as material surfaces are surfaces of
equivalent potential temperature and wet bulb potential temperature, both conser-
vative properties for either "dry or wet" parcels. However, the latter are
unwieldy to use in diagnostic work since they are typically multi-valued with
respect to pressure; i.e., they are folded in the vertical. The only times that an
isentropic surface has a non-unique value of pressure is if the environment is neu-
tral (ao/Z= 0) or if it is unstable (00/oZ < 0). This is illustrated by Figure la
and lb.

Of the diabatic processes most apt to restrict the applicability of isentropic
analysis, the release of latent heat is the most significant. As we would expect
this takes place in saturated, ascending air. The problems with isentropic surfaces
within the ,lanetary boundary is that they are subject to greater diurnal cycles of
solar/terrestrial heating/cooling which causes the isentropic surface to move
up/down thereby losing its continuity. Thus, airflow in the troposphere is best
diagnosed by choosing the most appropriate isentropic surface in the area of
interest above the planetary boundary layer.

(2) Isentropic surfaces can vary with respect to height (Z) or pressure (P). There-
fore, "horizontal" flow along isentropic surfaces contains the adiabatic component

of vertical motion which would otherwise be computed as a separate component in
either a Cartestian or isobaric coordinate system. This will be explained in

6



-100 -90 -80 -70 -90 -So -40

do S4400

/ 7

/-2 so@/ /

/3 /2 /1 / t
/L 9--8 /2GMT

Figure ~ Ia SaeI/SO onigfr10 M,8Spebr18.Ti

/kwT lo P /iga shw how poenia teprtr)hne i hetcli

theviiniy f stbl rgio. umbrsadacet o he emeraur sundngar

4"

600

e

-30 -20 -to 0 to to
SO 9-8-86 12 GMT

Figure 1a. Alemerue NM (SL) sounding for 200 GMT, September 186. i
Thskew-T, log P diagram shows how tnial em sperurecangsin ther vrialpein
the viciuniy. ofatbe region. Numbesajcnth temperature sftelyrodingae
potentlaps tepati ur in C.ic

-£0 40 -30 .50 -60 -20-7

E/



greater detail as it is important for understanding how vertical motions appear on
isentropic surfaces.

Vertical motion with respect to pressure in isentropic coordinates is expressed
as:

S++VleP - d (7)

A B C
As described by Moore (1086), terms A, B, C can be physically described as:

(A) Local pressure tendency: This represents the effect of an isentropic surface
moving up or down at a specific point (local derivative). With standard
rawinsonde data this term can be evaluated over a 12-hour period as a back-
ward time derivative. However, that is really a poor estimate of a local time
derivative.

(B) Advection of pressure on the isentropic surface: This term can be qualita-
tively evaluated by noting the cross-isobar flow on an isentropic surface. Air
flowing from high to low pressure represents upward vertical motion (w < 0),
while air flowing from low to high pressure indicates downward vertical
motion (w > 0). Since an isobar on an isentropic surface is also an isotherm,
this is equivalent to thermal advection. This can be proven easily by consid-
ering Poisson's equation (3) derived earlier:

T( 1000 (3)

If one considers an isobar (P) on an isentropic surface ( 0 ) it becomes clear
that since P and 0 are constant along that isobar, T must be also. Carrying
this one step further--if we consider the equation of state,

P=pRT (8)

One can see that since P and T are constant, so must be p, the density.
Thus, an isobar drawn on an isentropic surface is also an isotherm and an
isopycnic (isostere).

(C) Diabatic heating/cooling term: This term measures the contribution to verti-
cal motion by diabatic processes such as those listed earlier, notably latent
heating. When this term is non-zero, it forces the parcel to "jump" off the
isentropic surface. In a stable atmosphere oP/80 is < 0 since 0 increases as
P decreases. Therefore, the sign of term "C" depends totally upon the sign of
the diabatic term, "d0/dt", which is > 0 for heating and < 0 for cooling.
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Thus, diabatic heating will cause upward motion with respect to the isentro-
pic surface and diabatic cooling will cause downward motion. This is the
only true vertical motion with respect to the isentropic surface. Just as w -=
dZ/dt measures vertical motion with respect to constant height surfaces and
w = dP/dt measures vertical motion with respect to constant pressure sur-
faces, dO/dt is a measure of vertical motion with respect to an isentropic sur-
face. Unfortunately, measuring d/dt, especially within the confines of an
operational environment, is not easy. Fortunately, at synoptic scales of
motion and in the pre-severe storm or convective environment, it plays a
secondary role in forcing changes in w. However, Moore (1986) has shown
that once convection begins this term can be equal to or greater than terms A
and B combined. It is modulated to a great extent by the static stability,
aP/86; i.e., in stable regions it is small, but in less stable regions it can be
quite large.

If only term B of (7) is considered one can define the adiabatic vertical
motion as:

Wadiabatic' V'VeF 9

Wilson (1985) notes that the advection term and the local pressure tendency term
are usually opposite in sign but that the advection term typically dominates, espe-
cially in regions of strong advection. He offers the following illustration:

Example: Vicinity of Maniwaki, 0000 GMT January 14, 1980 300K

Wind speed = 50 knots = 25 m s- 1 towards decreasing pressure

magnitude of VP = 50 mb / (3 deg latitude)

Pressure on 300 K surface at YMW at January 13/1200 GMT = 530 mb
Pressure on 300 K surface at YMW at January 14/0000 GMT = 610 mb
Pressure on 300 K surface at YMW at January 14/1200 GMT = 650 mb

This represents a warming trend over the 24 hour period.

( 8)P/8t )0 = (650 mb - 530 mb)/24 hours = +1.39 pbars/s

V' P=V - cos0
an

V P = 2500 cm/s x (50 x 10 3 jbars) 5
/ (3 lat x (111 km/i lat) x 10 cm/km)
x cos 1800
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N.7P = -3.75 Pbars/s

Also, aP/89 dO/dt = 0 for dry ascent
> 0 for moist ascent, solar heating, etc.
< 0 for evaporative cooling, terrestrial cooling,

etc.

Therefore, w = +1.39 j]bars/s - 3.75 Abars/s = -2.36 #Ibars/s

This is a typical synoptic scale value for omega. Normally, we would only have
the t and t -12 hour maps which would permit us to extrapolate 8P/t (i.e., use
backward differencing). Note that if the air is saturated, the third term would
amplify the vertical motion as latent heat would take the parcel up and off the
isentropic surface. However, this effect would be compensated by increases in
term A of (7) as the isentropic surface descends when diabatically heated.

Typically a forecaster would not compute vertical motion as above (although
a computer could generate this product easily). However, it can quickly be
estimated from the advection pattern by noting (a) the strength of the winds, (b)
their component across the isobars, and (c) the strength of the isobar gradient.

(3) Because moisture transport on isentropic surfaces includes the vertical advec-
tion component, which is often missed or forgotten in pressure coordinates, mois-
ture transport tends to display a more coherent pattern in space-time on isentro-
pic surfaces than on standard 850 mb or 700 mb charts (Oliver and Oliver, 1Q51;
Namias, 1938). Wilson, et al., (1980) note that since isentropic parcels conserve
their mixing ratio or specific humidity values one can forecast the motion of dry-
lines and moist tongues using the component of the wind perpendicular to the
isohumes. Although we all try to do this on constant pressure charts it is really
inappropriate since we have no way of estimating vertical advection on pressure
charts.

This advantage is probably one of the greatest of isentropic analysis. Many
a forecaster probably has seen patches of moisture "pop up" on 850 or 700 mb
charts, especially during warm air advection (overrunning) situations. Undoubt-
edlv this moisture is coming up from below the 850/700 mb surfaces--a process
one cannot see within a constant pressure perspective. Isentropic uplifting typi-
cally represents not only vertical motion but moisture advection as well. Simi-
larly, subsidence and drying out of air behind frontal systems (or associated with
jet streak secondary circulations) can be seen quite nicely on isentropic analyses.

(4) Frontal discontinuities are virtually nonexistent on isentropic surfaces, since
frontal zones tend to run parallel to the isentropic surfaces (Bleck, 1073). This
property of isentropic surfaces makes them extremely useful in diagnosing
kinematic and dynamic variables, especially in baroclinic zones. Since the isentro-
pic surfaces run parallel to the frontal zone, the variations of basic quantities (e.g.,
wind. moisture, temperature) take place more gradually along them; i.e., over

larger scales (see Figure 2). Constant pressure surfaces literally cut through

10



00~ 1~

00 36

04 ___

AM B

.14A


